Diaporthe species are common pathogens, endophytes, or saprobes on a wide range of hosts. During our investigation of forest pathogens, we made collections of Diaporthe species associated with canker and dieback disease of Betula platyphylla and B. albosinensis in Sichuan and Shaanxi provinces in China. Diaporthe betulae sp. nov. and D. betulicola sp. nov. are introduced in this paper, with illustrations, descriptions and support from analysis of ribosomal DNA internal transcribed spacer (ITS), calmodulin (CAL), histone H3 (HIS), translation elongation factor 1-α (TEF1-α) and beta-tubulin (TUB2) sequence data. Diaporthe betulae is characterized by hyaline, ellipsoidal, aseptate, biguttulate, 8.5-11 × 3-4 μm alpha conidia. Diaporthe betulicola is characterized by pycnidial stromata with a single locule with one ostiole per disc. Alpha conidia are hyaline, oblong, aseptate, lack guttules and 9.9-14.7 × 1.3-2.5 μm, and beta conidia are hyaline, spindle-shaped, curved, aseptate and 17-24 × 0.7-1.2 μm.
Introduction
Diaporthe species are associated with wide range of hosts and are commonly encountered as pathogens, endophytes, or saprobes of crops, ornamentals and forest trees (Brayford 1990 , Mostert et al. 2001 Farr et al. 2002; Santos and Phillips 2009; Santos et al. 2011; Udayanga et al. 2011 Udayanga et al. , 2012 Udayanga et al. , 2014a Udayanga et al. , 2015 Gomes et al. 2013; Hyde et al. 2014; Fan et al. 2015) . Diaporthe species can cause blights, cankers, decay and wilt, dieback, leaf spots, and root and fruit rots (Mostert et al. 2001; Anagnostakis 2007; Santos et al. 2011; Thompson et al. 2011; Fan et al. 2015; Lawrence et al. 2015) . The names Diaporthe and Phomopsis are no longer used for different morphs of the same genus (Santos and Phillips 2009 ). Diogo et al. (2010) and Udayanga et al. (2011 Udayanga et al. ( , 2012 , Rossman et al. (2015) suggested that being the older name, Diaporthe should have priority over Phomopsis, and should be adopted as the generic name. The sexual morph of Diaporthe is characterized by immersed ascomata and an erumpent pseudostroma with more or less elongated perithecial necks. Asci are unitunicate, clavate to cylindrical and ascospores are hyaline, 1-septate, and sometimes with appendages (Udayanga et al. 2011) . The asexual morph is characterized by ostiolate conidiomata, with cylindrical phialides producing up to three types of hyaline, aseptate conidia; alpha conidia however are most often produced (Udayanga et al. 2011) .
Betula are common species that grow rapidly, and have a broad tolerance to various environmental conditions and less specific demand for factors such as temperature, soil, nutrients, water and solar radiation. Thus they have regarded as common trees and shrubs of boreal forests in the Northern hemisphere, with great ecological importance (Furlow 1990; Linder et al. 1997) . Betula species are however, infected by a wide range of canker disease, especially diaporthalean pathogens, which can cause serious reduction in growth (Fan et al. 2016) . Arnold (1967) (Kobayashi 1970) .
During our investigation of forest pathogens causing Diaporthe canker of Betula species in China, we made four collections of two Diaporthe species from symptomatic trees in Shaanxi and Sichuan provinces. In the current paper we introduce these as two novel Diaporthe species and provide descriptions and illustrations and multi-gene phylogenetic evidence to delineate the taxa.
Materials and methods

Isolation
Fresh collections of Diaporthe were made from infected branches or twigs of Betula spp. during investigations of forest pathogens in China. Single conidial isolates were established following a modified method of Chomnunti et al. (2014) . The modification involved making a suspension from the conidial masses exuding through pycnidial ostioles and spreading this on the surface of 1.8 % potato dextrose agar (PDA), and incubating at 25 °C for up to 24 h. Single germinating conidia were transferred to fresh PDA plates (Chomnunti et al. 2014) . Four strains (two from each new species) were used in the phylogenetic analysis (Table 1) . Specimens and axenic cultures are deposited in the Museum of Beijing Forestry University (BJFC) and China Forestry Culture Collection Center (CFCC). 
Morphology
Morphological observations were based on features of the fruiting bodies produced on infected plant tissues and micromorphology, supplemented by cultural characteristics. Morphological characteristics of the fruiting bodies were recorded using a Leica stereomicroscope (M205 FA), including size and shape of conidiomata and pycnidia; shape and diameter of ostioles per ectostromatic disc and locules. Micromorphological observations include size and shape of conidiophores and conidia were determined under a Leica compound microscope (DM 2500). More than 20 fruiting bodies were sectioned, both vertically and horizontally, and 50 spores were selected randomly for measurements. A 5 mm diameter PDA section was cut from the edge of actively growing 3-day old cultures, and each was transferred to fresh PDA plates. Two strains were selected for each species, and three disks were replicated for each strain. All cultures incubated on PDA in the dark at 25 °C were observed and recorded. This included colony colour, texture and arrangement of the conidiomata in culture, at 3, 7, and 30-days.
DNA extraction and PCR
Genomic DNA was extracted from 7 days old colonies grown on cellophane-covered PDA using a modified CTAB method (Doyle and Doyle 1990) . PCR amplifications were performed in a DNA Engine Peltier Thermal Cycler (PTC-200; Bio-Rad Laboratories, Hercules, CA, USA). Five genes were selected to clarify the phylogenetic relationships of Diaporthe species following Gomes et al. (2013) . The internal transcribed spacer (ITS) region was amplified using ITS1 and ITS4 primer sets (White et al. 1990 ). The partial calmodulin (CAL) region was amplified using CAL-228F and CAL-737R primer sets (Carbone and Kohn 1999) . The partial histone H3 (HIS) region was amplified using CYLH4F and H3-1b primer sets (Glass and Donaldson 1995; Crous et al. 2004 ). The partial translation elongation factor 1-alpha (TEF1-α) region was amplified using EF1-728F and EF1-986R primer sets (Carbone and Kohn 1999) and beta-tubulin (TUB2) region was amplified using Bt2a and Bt2b primer sets (Glass and Donaldson 1995) . The PCR amplification products were estimated visually by electrophoresis in 1.8 % agarose gel. DNA sequencing was performed using an ABI PRISM®3730xl DNA Analyzer (Applied Biosystems, Foster City, CA, USA) with BigDye® Terminator Kit v.3.1 (Invitrogen, Carlsbad, CA, USA) at the Shanghai Invitrogen Biological Technology Company Limited (Beijing, China). Sequences used in the current study were aligned using MAFFT v.6 (Katoh and Toh 2010) and edited manually using MEGA6 (Tamura et al. 2013 ).
Phylogenetic analysis
A maximum parsimony (MP) analysis run in PAUP v.4.0b10 (Swofford 2003 ) was generated to show phylogenetic relationships among Diaporthe species including ex-type sequences available in GenBank as selected from recent studies Dissanayake et al. 2015; ; and are shown in Table 1 . Bayesian inference (BI) and maximum likelihood (ML) were performed using MrBayes v.3.1.2 and PhyML v.7.2.8 (Ronquist and Huelsenbeck 2003; Guindon et al. 2010) . All analyses were performed based on the combined multi-locus dataset (ITS, CAL, HIS, TEF1-α, TUB2) to compare Diaporthe species with other ex-type and reference specimens in recent studies (Udayanga et al. 2011 (Udayanga et al. , 2012a (Udayanga et al. , 2014a (Udayanga et al. , b, 2015 Gomes et al. 2013; Gao et al. 2014 Gao et al. , 2015 Gao et al. , 2016 Hyde et al. 2014; Fan et al. 2015; Tanney et al. 2016) . Diaporthella corylina (CBS 121124) was selected as outgroup taxon in the current analysis (Gomes et al. 2013) . Trees are shown using FigTree v.1.3.1 (Rambaut and Drummond 2010) and the layout was edited in Adobe Illustrator CS v.6. MP analysis was inferred using a heuristic search algorithm (1000 random sequence additions) with a tree bisection and reconnection (TBR) branch swapping. Maxtrees were set to 5000, branches of zero length were collapsed and all equally parsimonious trees were saved. (Posada and Crandall 1998) . The branch supports of MP and ML analyses were evaluated using a bootstrapping (BS) method of 1000 replicates (Hillis and Bull 1993) . Bayesian inference (BI) analysis was performed using a Markov Chain Monte Carlo (MCMC) algorithm to construct the topology of the tree (Rannala and Yang 1996) . A nucleotide substitution model was also calculated in MrModeltest v.2.3 (Posada and Crandall 1998) . Sequences data isolated in the current study are deposited in GenBank (Table 1) . The multilocus file is deposited in TreeBASE (www.treebase.org) as accession S19539. The taxonomic novelties are deposited in Fungal Names (http://www.fungalinfo.net/) and Facesoffungi numbers were obtained as described in in Jayasiri et al. (2015) . 
Result
The combined multi-locus dataset (ITS, CAL, HIS, TEF1-α and TUB2) contained 86 in-group isolates (sequences of four strains from this study and sequences of 82 strains available in GenBank). The alignment comprises 2999 characters including alignment gaps, of these 1460 characters are constant and 455 variable characters are parsimony uninformative. MP analysis of the remaining 1084 parsimony informative characters generated four equally parsimonious trees, and the first tree (TL = 7519, CI = 0.368, RI = 0.641, RC = 0.236) is shown in Fig. 1 . Both ML analysis with a discrete gamma distribution with six rate categories (GTR+I+G) and BI analysis with a 0.01 average standard deviation of split frequencies resulted in the same topology as the presented MP phylogram. Isolates of Diaporthe clustered in 86 clades, corresponding to 83 known species with 74 ex-type isolates. Isolates in the current study clustered in two distinct clades with high support (MP/ML/BI = 100/100/1) in Fig. 1 . They are recognized as two novel species, which are also supported by morphological traits.
Taxonomy
Diaporthe betulae C.M. Tian & X.L. Fan, sp. nov. FIGURE 2.
Fungal Names FN570261; Facesoffungi FoF02174
Holotype:-BJFC-S1317.
Etymology:-betulae, referring to Betula platyphylla, the host known for this species.
Host/Distribution:-from Betula platyphylla in China.
Original description:-Sexual morph: undetermined. Asexual morph: Conidiomatal stromata immersed, erumpent slightly from surface of host branches, separate, conical, with a single locule. Ectostromatic disc grey to black, with one ostiole per disc. Ostiole medium grey to black, up to the level of disc, (160-)170-220(-280) μm (av. = 250 μm, n = 20) diam. Locule undivided, conoid, (590-)600-1250(-1460) μm (av. = 1050 μm, n = 20) diam. Conidiophores reduced to conidiogenous cells. Conidiogenous cells hyaline, phialides, straight or slightly curved, with periclinal thickening present. Alpha conidia hyaline, ellipsoidal, aseptate, smooth, conspicuously biguttulate, 8.5-11(-11.5) × 3-4(-4.5) μm (av. = 10 × 3.5 μm, n = 50). Beta conidia absent.
Cultures:-Colony originally compact and flat with white aerial mycelium, then developing dark green to brown aerial mycelium at the centre and dark green mycelium at the marginal area, zonate with 4-5 well defined zones 0.5 cm wide with an irregular edge; conidiomata sparse, irregularly distributed over agar surface.
Material examined:-CHINA, Sichuan Province: Guangyuan City, Tianzhao Mountain, 32°29'22.79"N, 105°43'32.78"E, 1422 m asl, on twigs and branches of Betula platyphylla, coll. X.L. Fan, 28 April 2015 (BJFC-S1317, holotype), ex-type culture, CFCC 50469. Sichuan Province: Guangyuan City, Tianzhao Mountain, 32°29'21.49"N, 105°43'32.60"E, 1422 m asl, on twigs and branches of Betula platyphylla, coll. X.L. Fan, 28 April 2015 (BJFC-S1318, paratype), living culture, CFCC 50470.
Notes:-This new species is introduced as molecular data show it to be distinct clade with high support (MP/ ML/BI=100/100/1). Morphologically, it is characterized by ellipsoidal, aseptate, smooth alpha conidia, which are conspicuously biguttulate, which is similar with Diaporthe vaccinii from Vaccinium macrocarpon Aiton and V. oxycoccos L., with a geographic range in the USA (Shear et al. 1931) . However, Diaporthe betulae can be distinguished by its larger alpha conidia (8.5-11 × 3-4 μm, av. 10 × 3.5 μm vs. 6-11 × 2-4 μm, av. 8 × 3 μm) and dark green to brown colonies on PDA, as compared to the white to yellowish colonies in D. vaccinii (Chao and Glawe 1985; Farr et al. 2002) . Holotype:-BJFC-S1333.
Etymology:-betulicola, referring to Betula albosinensis, the known host for this species. Host/Distribution:-Pathogen on twigs and branches of Betula albosinensis in China.
Original description:-Sexual morph: undetermined. Asexual morph: Conidiomatal pycnidial, conical, immersed, scattered, with a single locule. Ectostromatic disc brown to black, one ostiole per disc. Ostiole medium black, up to the Alpha conidia hyaline, oblong, and acute at two sides, aseptate, smooth, not biguttulate, 10-14.5(-15) × 1.5-2.5 μm (av. = 12 × 2 μm, n = 50). Beta conidia hyaline, filiform, straight or curved, eguttulate, aseptate, apex acutely rounded, tapering from lower fourth towards base, 17-24 × 0.5-1(-1.5) μm (av. = 20 × 1 μm, n = 50).
Cultures:-Colony originally compact and flat with white felty aerial mycelium, then developing white to light brown aerial mycelium, zonate with 3-5 well defined zones 0.5-1 cm wide with a regular smooth edge; conidiomata distributed in circularity over agar surface. Notes:-This new species is distinguished from other Diaporthe species by its distinctive hyaline, oblong alpha conidia which are acute at both ends and lack guttules. It also has larger (10-14.5 × 1.5-2.5 μm) conidia, as compared to many other Diaporthe species. The most closely related species in the phylogram are D. woolworthii (Peck) Sacc. from Ulmus americana and Diaporthe rostrata C.M. Tian, X.L. Fan & K.D. Hyde from Juglans mandshurica. Diaporthe woolworthii was introduced from Quercus from America (Saccardo 1882), but there are no illustrations, detailed descriptions or loanable specimens, and thus the species needs to be epitypified or provided with a reference specimen from the same country and host (sensu Ariyawansa et al. 2014) . Gomes et al. (2013) provided DNA data for this species using a putatively named strain, CBS 148.27, from Ulmus (a different host) in America. Two strains of D. betulina clustered in distinct clade in combined sequence analysis with high support (MP/ML/BI = 100/100/1, Fig. 1) , and differs from the strain of D. woolworthii (Gomes et al. 2013) . The new taxon also can be distinguished from D. rostrata, which has central perithecial necks, with a black conceptacle and shorter ellipsoidal alpha conidia (8.5-11.5 × 4-5 μm) (Fan et al. 2015 ).
Discussion
The current study identified two novel species (Diaporthe betulae and D. betulicola) from Betula species in China. The species are introduced based on evidence from morphology and combined ITS, CAL, HIS, TEF1-α and TUB2 phylogenetic analyses. Although several plant pathogenic Diaporthe species have been described from China (Huang et al. 2013; Gao et al. 2014 Gao et al. , 2015 Gao et al. , 2016 , Diaporthe species associated with Betula spp., which have significant economic and ecological value, have been poorly studied. Diaporthe betulae and D. betulicola were only found on infected branches or twigs and appeared to be the cause of birch dieback with typical dieback symptoms ( Fig. 2A-B , Fig. 3A-B) .
The two novel species cluster in separate clades compared to known species with high support values (MP/ML/BI = 100/100/1). Three Diaporthe species have been reported from Betula, i.e., Diaporthe alleghaniensis, D. eres and D. melanocarpa (Kobayashi 1970; Gomes et al. 2013) . Diaporthe betulae (8.5-11 × 3-4 μm) and D. betulicola (10-14.5 × 1.5-2.5 μm) can be distinguished from D. alleghaniensis (5-8 × 1.5-2 μm) and D. eres (6.5-8.5 × 3-4 μm) in having larger alpha conidia, and support from analysis of sequence data ( Fig. 1) (Arnold 1967; Anagnostakis 2007; Gomes et al. 2013 ). Diaporthe melanocarpa was described from Pyrus melanocarpa in London, and then recorded from Amelanchier, Betula and Cornus, but there is no available DNA data for this species (Dearness 1926; Wehmeyer 1933; Kobayashi 1970) .
Species identification criteria in Diaporthe were previously based on host association and proliferation of names resulted from species being described from each host from which they were isolated (Saccardo 1882; Deng 1963; Tai 1979; Wei 1979; Uecker 1988; Mostert et al. 2001; Udayanga et al. 2012) . Recent studies have shown that many species colonize a diverse range of hosts, as opportunists, and that several species could even co-occur on the same host or lesion (Udayanga et al. 2014a (Udayanga et al. , 2014b Fan et al. 2015; Gao et al. 2016) . It is now recognized that host-specificity generally has limited value; therefore phylogenetic relationships are needed to accurately distinguish Diaporthe species (Udayanga et al. 2011 (Udayanga et al. , 2012 (Udayanga et al. , 2014a Gomes et al. 2013; Gao et al. 2014 Gao et al. , 2015 Gao et al. , 2016 Fan et al. 2015) . Udayanga et al. (2012) established a starting point for resolving Diaporthe species with taxonomic evidence and living cultures, rather than using the older taxon names, which lacked detailed descriptions and molecular data, unless they had been epitypified. Udayanga et al. (2014a Udayanga et al. ( , 2015 further clarified the Diaporthe group by resolving some species complexes such as D. eres and D. sojae. However, the taxonomy of Diaporthe species still requires extensive sampling from a wide distribution and host range, as numerous undescribed species associated with important hosts can be undiscovered worldwide.
